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The gross anatomy of the heart has been studied for hundreds of years and doctors have long
been familiar with its main features. Developments in clinical practice in the last 25 years and
particularly in the last decade demand, however, a detailed knowledge of certain aspects of cardiac
anatomy that is not always available in current text-books. This is apparent if one considers the
necessity for the radiologist or clinician screening cardiac patients to be familiar with the detailed
anatomy of the various chambers and vessels whose shadows he is inspecting. Again the surgeon
engaged on intracardiac surgery must be familiar not only with the gross anatomy of the cardiac
chambers but with the minute anatomy, location, and relations of the valve cusps. The clinician
at the bedside is helped in his understanding of physical signs by the ability to visualize the chambers
of the heart in their proper relationship to one another and their orientation within the thorax.

It seemed apposite therefore, to re-investigate the anatomy of the heart by examining it in situ.
A series of sections of entire thoraces were made and studied, some of them having been cut trans-
versely and others in the two oblique planes that allowed the form of the heart and the great vessels
to be compared with the right and left anterior oblique views as seen on radioscopy. The primary
purpose of this paper is to illustrate and comment on selected sections cut in these planes, but no
attempt is made either to review all aspects of the gross anatomy of the heart, or to discuss the
distortion that may occur in it as the result of pathological changes.

RIGHT HEART AND LEFT HEART
The terms "right heart" and "left heart" are commonly used in clinical practice and develop-

mentally these terms are correct and indicate precisely the relationship of the right chambers to those
of the left in the young embryo.

In the 10 mm. human embryo, for example, when the septum primum of the atrial septum is well
established and the muscular part of the ventricular septum has appeared, the heart is an almost
symmetrical structure: the two right chambers lie directly to the right of those of the left heart,
and the septa between the atria and between the ventricles lie almost in the mid-line (Fig. 1).

Throughout development and even into adult life, the atrial and ventricular septa remain approxi-
mately "in line" with each other and thus allow a plane, which is here referred to as the "plane of
the septa", to be defined. The plane of the septa is considered as being indicated by a line which
passes from the anterior interventricular groove (or the associated artery if the groove.is not evi-
dent) to the posterior attachment of the atrial septum. This line sometimes passes through the
substance of the ventricular septum but frequently lies along the right face of this septum.

It is not proposed in this communication to consider the details of the rotation of the heart nor
the factors that may be involved in it, but certain facts would appear to be relevant. The first of
these is that rotation commences shortly after the 10 mm. stage so that the anterior interventricular
sulcus is displaced towards the left and the posterior attachment of the atrial septum towards the
right, and in consequence the right heart comes to lie not only to the right of the left heart but to an
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FIG. 1.-Transverse section of thorax of 10 mm. human embryo. The
septum primum partially separates the right and left atria (an
ostium primum being present) and in this particular section the
two ventricles are seen to be completely separated by the muscular
part of the ventricular septum. The septa lie almost in the mid-
line and the chambers comprising the right heart therefore lie
directly to the right of those of the left heart. Conventionally an
embryo is featured with its dorsal surface uppermost and its ventral
surface downwards but in order to maintain uniformity among the
figures of this article this embryo is shown with its dorsal surface
directed towards the foot of the page. The right side of the
embryo is therefore on the reader's right and the left side on his
left. Magnification, x 150.
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THE ORIENTATION OF THE HEART IN THE ADULT CADAVER

increasing degree, in front of it. In the 44 months foetus (Fig. 2) the plane of the septa has attained
an obliquity which is at an angle of about 450 to the median plane, and this is the approximate
angulation that has been encountered in all older faetal and adult specimens in which the heart has
been sectioned in situ. All observations have led me to the conclusion that rotation of the heart
occurs early in development and is completed during the first half of intra-uterine life. This is not
in keeping with statements such as that of Baxter (1953) where it is claimed that the rotation does
not occur till "towards the end of intra-uterine life".

PLANE OF SEPTA

. . ...v
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FIG. 2.-Transverse section of thorax of 125 mm. (44 month) human foetus. The heart by this stage has
assumed an orientation which is characteristic of the adult. As the line of the septa lies at approxi-
mately 450 to the mid-line plane, the right heart is as much in front of left heart as it is to its right.
The great size of the right lung as compared with the left at this horizontal level is a very obvious
feature of the section. Magnification, x 3i.

The fact that the plane of the septa assumes an obliquity that is between 410 and 450 to the median
plane causes the right heart in older foetuses and in post-partum hearts to be almost, if not as
much, in front of the left heart as it does to its right side. This is obviously a feature of cardiac
anatomy that is of fundamental significance to both the clinician and the anatomist.

Another relevant fact in the rotation of the heart would appear to be that like all other growth
processes, it is in complete harmony with the growth of the surrounding structures and the organism
as a whole. It is very noticeable in the study of transverse sections of embryos that while the heart
rotates to the left, the right lung attains a greater size than the left, and the right lobe of the liver,
growing more quickly than the left, reaches a more cranial level.

This brief statement on the development of the oblique lie of the heart within the thorax is
primarily to emphasize that the terms "right heart" and "left heart" are appropriate develop-
mentally and also that the change from a symmetrical to an asymmetrical orientation of the heart

443



ROBERT WALMSLEY

occurs relatively early and is harmoniously associated with the asymmetrical growth of adjacent
organs.

MATERIAL AND METHOD
The early observations on the rotation of the heart were made on a fairly large series of human

embryos ranging in size from 8 mm. (5th week) to 25 mm. (8th week); all of these embryos had been
cut serially, most of them transversely but some sagitally, and they form part of the embryological
collection belonging to this Department. Some of the foetuses, i.e. when the embryo had gained
a length of more than 25 mm. (after the 8th week of development) were also, when specimens
did not exceed 40 mm. in length, cut serially, but single sections of the larger featuses were taken at
appropriate levels of the thorax and did not always represent part of a continuous series. Eleven
full-time fcetuses were cut transversely in sections that varied in thickness from 200, to 25 mm.
(1 inch). Some of the sections were prepared by the technique described by Gough and Wentworth
(1949) for the sectioning of whole lungs and the decalcification that was necessary was carried out
by 4 per cent nitric acid. The thicker sections were made without decalcification after the thorax
had been frozen, either by 48 hours in a refrigerator at -15° C. or by freezing in methylated spirit to

PLANE OF SEPTA PLANE OF SEPTA

FIG. 3.-Transverse sections through thoraces of two full-time feetuses. These foetuses show a difference
in the form of their thoraces but this has not caused any apparently great difference in the plane of the
heart septa. Magnification, x j.

which carbon dioxide snow was added. Thereafter these sections were cut on a bandsaw and after
re-freezing the surfaces were smoothed by sand-papering. The latter method was employed
in the preparation of sections of ten adult thoraces which were cut in transverse sagittal, or
oblique planes. No difficulty is encountered in the preparation of transverse or sagittal sections,
except that it is essential that the specimens be frozen throughout if satisfactory sections are to be
obtained.

In preparing sections of the right or left hearts, i.e. sections parallel to the septa of the heart, it
was always assumed that the atrial and ventricular septa lay at an angle of45i to the median plane.
Photographs of previously prepared transverse sections were, moreover, brought to the approximate
scale of the thorax to be sectioned and the distance to the left of the mid-line in front and to the right
of the mid-line posteriorly were calculated by reference to these prints before the plane of the "cut"
was finally determined. The great variation in the form of thoraces renders it essential for the
transverse section that is used to be from a cadaver of the same sex and of approximately that same
body type as that on which it is proposed to make the oblique sections.
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Similarly, in planning sections of the thorax to show the heart cut transversely to the plane of the
septa, it was always assumed that the septa of the heart were at an angle of 450 to the median plane,
and again by reference to prints of the correct size, sex, and body type, the distances from the mid-
line in front and to the left of the mid-line posteriorly were plotted before the sections were made.

The writer has on each occasion been impressed by the close correlation between the desired and
the actual plane of section when the requisite calculations were made beforehand. The procedure,
if it is to be successful does, however, require experience in the preparation and cutting of frozen
tissues with a mechanical saw and this will be most easily attained by working with someone who
is already versed in the technique.

Axis OF THE HEART AND THE PLANE OF THE SEPTA
It is not intended to infer that the plane of the septa as has been described is similar to what is

termed the "axis of the heart". The axis is described by Walmsley (1929) as a line which ex-
tends from the centre of the base of the heart to its apex and thus passes from behind forwards,
downwards, and to the left. The downward inclination of this axis is known to differ considerably

STERNUM

OESOPHAGUS

FIG. 4.-Transverse section of adult thorax at the level of the fourth costal cartilages. The section shows all
four chambers of the heart, and the obliquity of the septa separating right from left hearts is obvious.
The right atrium is dilated, and opening into the left atrium immediately to the left of the atrial septum
is the lower right pulmonary vein. A small part of the right wall (or floor) of the ascending aorta is seen
immediately adjacent to the aortic cusp of the mitral valve. It may be observed from this section that the
blood in passing from atria to ventricles passes forwards and to left through the atrio-ventricular orifices
at an angle of approximately 45° to the median plane. The tricuspid valve is fairly closely related to the
sternum whereas the mitral valve is much more deeply placed in the thorax.
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in living subjects. From the observations that I have been able to make, it would appear that the
long axis of the heart is more horizontal in the cadaver than it is in the living (Fig. 6 and 7) and the
heart as a whole lies at a higher level. The plane of the septa no doubt also differs considerably in
living people but no great difference has been encountered among the eleven full-time foetuses and
the ten adult cadavers sectioned, irrespective of sex or body build. The plane of the septa in all
specimens ranged between 410 and 450 to the median plane, but it is appreciated that there may be
post-mortem or technique factors that determine this apparent uniformity. It would ill-serve the
purpose of this communication to attempt to claim that the form of the heart chambers shown in the
photographs of cadaver specimens have their exact counterpart in the living; it is hoped, however,
that the photographs here included may form a contribution to a better understanding of living
cardiac anatomy.

Fig. 3 is included to show the plane of the septa in two full-time foetuses that differed fairly strik-
ingly in their thoracic form-a difference that in part is due to a difference in body build and
also, as is apparent, to post-mortem artefacts.
A small print of the section shown in Fig. 4 is placed below each of the photographs of the

oblique sections, and the plane of each section is indicated on these smaller prints.

DIsCUSSION
It is not proposed to enter into a discussion of the many anatomical relationships of importance

that have become increasingly apparent during the preparation and examination of these sections,
and it would be invidious to discuss the vast literature on this subject. It has perhaps been unfor-
tunate, however, that so many of the classical diagrams of the heart have been made from specimens
that had been removed from the body and orientated so that the atria are featured as lying above the
ventricles. Current papers, however, more and more tend to consider the heart as it lies in situ,
e.g. Bedford et al. (1957), and this study is based on specimens examined in this way. The atria lie
not only behind the ventricles, but to an almost equal extent to their right, and this relationship is
determined by the obliquity of the "plane of the septa". Moreover the relationship ofthe ventricles
to each other is erroneously depicted in many standard texts; transverse sections of the ventricles
in such figures, for example, show the ventricular septum lying in approximately a sagittal plane
with the right ventricle lying almost entirely to the right side of the left ventricle.

The value of the included photographs and observations in the legends is in itself limited. On
account of the oblique orientation of the heart in the chest the radiologist not only views it from the
front or back but also, as one would expect, resorts to right and left oblique radiographs. It is
intended, therefore, that one of the functions of these photographs is to help to clarify certain ana-
tomical features of the heart and great vessels as they are seen in these oblique views. The photo-
graphs of specimens cut parallel to the plane of the septa may be compared with radiographs taken
in the right anterior oblique position, whereas photographs of specimens cut at right angles to the
septa may be correlated with the heart shadow as seen in the left anterior oblique position.

The relationship of the aortic cusp of the mitral valve to parts of the posterior cusps of the aortic
valve is extremely close and indeed the bases of these cusps overlap. The proximity of these parts
of the two valves is such that it is difficult to understand how from an X-ray film alone it would
be possible to differentiate which of the valves is involved in a disease process such as calcification;
the movements of a calcified valve on screening may, on the other hand, be of value in reaching a
diagnosis.

The rotation of the heart, which as emphasized occurs in the first half of intra-uterine life, causes
the left atrium to become indirectly related to the middle thoracic vertebrae thereby forming the
posterior surface or base of the heart. The left atrium forms the major cardiac relation of the
cesophagus but the "left horn" of the right atrium and also a small part of the left ventricle are in
contact with it. Fig. 13 shows fairly clearly the close relationship that exists between a part of the
left bronchus and the left atrium and is one of the main reasons for including this photograph.
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FIG. 5.-Thorax dissected from the front with the heart in situ. The anterior walls of the
right atrium and ventricle have been removed along with part of the anterior wall of the pul-
monary trunk. The right atrium, as is customary in cadavers, is dilated and in it a well-
marked valve of the inferior vena cava may be seen. The right border of this atrium is seen
to be continuous with the superior vena cava. The greater part of the ascending aorta was
removed to expose the right pulmonary artery. The left ventricle, which was not opened, is
seen to form the left border of the heart, and when it is followed upwards it is seen to be in
line with the left border of the pulmonary trunk. The left auricle frequently embraces the
beginning of the pulmonary trunk but it was small in this specimen and is not seen in this view.
Above the termination of the pulmonary trunk lies the aortic arch but between the two structures
is a gap which is termed the "aortic window".
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FIG. 6.-Section through right heart viewed from
\00_; right side and cut in plane shown below. The inferior

vena cava is seen passing through the diaphragm obli-
quely to enter the right atrium, but the superior vena cava
is not shown. Immediately in front of the inferior caval
opening is the "left horn" of the right atrium (which is
occupied by a blood clot) and leads into the coronary
sinus; it extends to the left for a short distance below the
left atrium and is the only part of the right atrium that
is related to the cesophagus. The cusps of the tricuspid
valve are prominent and the cavity of the right ventricle
has the typical U-shaped form. The infundibulo-ven-

Cosection tricular (supra-ventricular) crest is fairly prominent and
bounds the infundibulum posteriorly. The cusps of the pulmonary valve are visible and lie at a
higher level than those of the aortic valve. The horizontal lie of the diaphragmatic surface of the
heart may partly be due to the fixation of the cadaver in a supine position, but it is significant that
the orientation of this surface is that which has been encountered in all adult specimens examined.
The diaphragmatic surface might equally appropriately be termed the inferior surface.
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FIG. 7.-Section through left heart viewed from right
side and cut in plane shown below. The left atrium and
left ventricle are shown with the mitral valve in between.
The "left horn" of the right atrium (filled with blood),
which leads into the coronary sinus, lies below the
body of the left atrium. A tube was passed along the
cesophagus and has been left in situ. The (esophagus is
here seen to lie behind the left atrium but a small ter-
minal part is related to the "horn of the right atrium".
The lower end of the tube emerges from the stomach:
this serves to illustrate the close relationship that exists

osection between heart and stomach. The part of the right lung
that lay behind the heart was removed to show the

posterior part of the thoracic wall: a small part of the left lung was left in situ in relation to the
sterno-costal surface of the heart.

It will be seen from Fig. 7 that the blood in its passage from left atrium to ventricle passes for-
wards and to the left at an angle of about 450 to the median plane. As seen in Fig. 6 and 7 there is
little, if any, downward inclination of the blood during its course through the atrio-ventricular
orifices.
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LEFT COR. ART. iNFUNDIBULUM

FIG. 8.-Section showing interior of left atrium and
left ventricle with the aortic valve and part of ascending
aorta in situ; the specimen was cut in plane shown below
and then the atrial and ventricular septa were removed.

h il 1iK This section and dissection were made to establish
the relationship of the cusps of aortic and mitral valves
to each other. A large window was cut in the right
wall of the ascending aorta, but the entire aortic valve
was left intact. The aortic cusps are attached very
obliquely so that their upper surfaces are directed almost
as much to the right as they are upwards. The aortic

Continuous line indicates plane of section cusp of the mitral valve is much larger than the postero-
after removal of stippled area lateral one. The base of the aortic cusp of the mitral

valve extends upwards to the attachments of the adjacent parts of the posterior cusps of the aortic
valve.
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PULMONARY TRUNK
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FIG. 9.-The bases of the cusps of the mitral and aortic valves of specimen shown in Fig. 8
were coated with a paste of barium sulphate. There were, moreover, a few calcareous nodules in
the cusps ofthe aorticvalve. The specimen was X-rayed and this figure is a print from the untouched
radiograph. The close relationship of the upper part of the aortic cusp of the mitral valve
to the cusps of the aortic valve is a striking feature and it would appear to make difficult in an X-
ray film the differential diagnosis between calcification of the posterior aortic cusps and the aortic
cusp of the mitral valve. This radiograph is reproduced at approximately the same magnification
as Fig. 8.
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FIG. 10.-This is one of a series (Fig. 10 to 13, in-
clusive) in which the heart is viewed along the long axis
of the septa. In each of these specimens the heart is
viewed from the front and left sides, and together
they are equivalent to the view of the heart and great
vessels as seen in the left anterior oblique position.

In this specimen the apical part of the heart was
removed in the section of the thorax and then replaced
before the photograph was taken. The interventricular
branch of the left coronary artery lies in the correspond-
ing anterior sulcus and the right ventricle lies in front of

Continuous and interrupted lines indicate it and the left ventricle behind it. A window has been
plane of section cut in the pulmonary trunk and a part of the left lung

adjacent to it has been removed: the left phrenic nerve is seen descending in the space created.
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FIG. 11.-This is the same specimen as that seen in
Fig. 10, but the apical part of the heart has been re-
moved as shown below. The heart is cut at right
angles to the plane of the ventricular septum and the
right ventricle thus lies directly in front of the left; the
walls of these chambers have their characteristic form.
The window in the pulmonary trunk allows two cusps
of the pulmonary valve to be seen, and below this is the
infundibulum which constitutes the outflow tract of the
right ventricle. The pulmonary cusps lie at the level of
the third left costal cartilage (3) at its junction with the

Continuous line indicates plane of section sternum and the close relation of the outflow tract of
the right ventricle with the sternum just below this level
is evident.

On the other side of this section, parts of the anterior and left posterior cusps of the aortic valve
were attached and pins were passed through to indicate the relationship of their attachment to the
infundibulum. These attachments have been "dotted in" and the part of the anterior cusp is seen
as a vertical row of dots with the left posterior cusp attachment extending backwards from its upper
end. The aortic valve is very obliquely placed and lies at a lower level than the pulmonary valve.
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FIG. 12.-This section is at right angles to the septa
of the heart and passes through both atrio-ventricular
valves (see small figure below) and also the aortic valve.
The close relationship between the large aortic cusp of
the mitral valve and the cusps of the aortic valve is
evident. A part of the right lung is seen in front of the
heart but the left lung lies behind it. Between the left
pulmonary artery and the under-surface of the arch of
the aorta there is the potential space, termed the aortic
window, in which the ligamentum arteriosum is seen to
lie.

Continuous line indicates plane of section The ventricular surface of the aortic cusp (which is
shown) is smooth and this is the structure that forms the

posterior wall of the aortic vestibule. The course of the blood from left atrium to aorta is sinuous
as may be appreciated by a study of this photograph.
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LEFT BRONCHUS
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FIG. 13. This section is at right angles to the atrial
septum and passes through both right and left atria in

________ 0 the plane shown below. The septum primum, which
;i S vQ ~~~forms the floor of the fossa ovalis, has its customary

thinness, whereas the septum secundum, which lies above
Continuous line dicatesplaneofection bit, is thick. Both the superior and inferior vena cavt

are seen opeflng into the right atrium. Themsophagusw_ ff .. ~~~~may be distinguished passing down behind the left
x

_ .. ~~~~~~~atrium but at its lower end it comes into relationship withj!.D w .. ~~~the right atrium. The right pulmonary artery lies
directly above the left atrium and behind it is the left

Continuous line indicates plane of section ..bronchus. From this photograph it would appear that
the contact of left bronchus with left atrium was over

only a very short distance, but this is not so, as at least 12 mm. (05 inch) of the posterior wall of
the left atrium was removed to expose the cesophagus and a corresponding part of the left bronchus
was likewise resected.
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FIG. 14.-This section is of a series different from
the four immediately preceding. Although it is sec-
tioned in the same plane, i.e. at right angles to the heart
septa, it is viewed from the right and behind so that the
photograph has been taken looking from the atria to-
wards the tricuspid and mitral orifices (see small figure
below).

The cusps of the atrio-ventricular valve project
forwards and to the left into the corresponding ventricle.
The close relationship of the cusps of the aortic valve to

Continuous line indicates plane of sectionthe aortic cusp of the mitral valve is again evident. Glass
rods have been inserted into the left common carotid and

left subclavian arteries and are very obvious, and rods in the coronary arteries may also be seen.
It is obvious from this section that the aortic cusp of the mitral valve might equally well be termed

the "antero-medial" cusp and this would be in keeping with the use of the term "postero-lateral"
for the opposing cusp of that valve.
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FIG. 15.-This X-ray is of the same specimen shown in Fig. 14 and is of the same
magnification. One pin was inserted as nearly as possible into the attachment of part
of the right posterior cusp of the aortic valve and another was inserted along the line
of attachment of the upper part of the aortic cusp of the mitral valve. The specimen
was then radiographed and the close relationship of the pins is very evident. The
thick wall of the left ventricle as seen here is not visible in Fig. 14, but many other
features may be correlated with the photograph.

2i

457



ROBERT WALMSLEY

This communication is primarily a plea that gross cardiac anatomy should always be considered
with the heart lying in situ. This, it is believed, is the only means that will allow the surfaces, the
cusps of the valves, and other structures to be designated by names that are precisely appropriate to
them, and what is more important, give an understanding of the relative position of the heart
chambers, valves, and great vessels to one another. When the heart has been removed post-mortem,
it shows changes in its form and is easily distorted so that it is difficult to reconstitute the shape
that it had in the body, either before or after death.

SUMMARY
The human heart in young embryos is approximately symmetrical with the atrial and ventricular

septa almost in the median plane. A rotation occurs which carries the anterior interventricular
sulcus to the left and after about 44 months of intra-uterine life the heart has assumed its adult
position with the atrial and ventricular septa at an angle of about 450 to the median plane.

Sections were prepared of the adult thorax by cutting with a band-saw after the specimen had been
frozen. Sections were made parallel to the septa so as to pass through both the right and left
sides of the heart: these may be of value in interpreting X-ray films taken in the right anterior
oblique position. So, too, were sections made that cut the heart at right angles to the plane of the
septa, and these may be considered with films taken in the left anterior oblique position.

Photographs of representative specimens constitute the major part of this contribution to the
anatomy of the adult heart. Two of the photographs are supplemented by radiographs in which the
aortic cusp of the mitral valve and parts of the posterior cusps of the aortic valve are indicated by
radio-opaque substances.

The legends to the photographs make reference to some of the principal relationships. No
review is made of the literature nor is it discussed, but a short discussion of the specimens is included.

A work of this nature requires the cooperation of several people. Foremost I should like to acknowledge my
deep indebtedness to Professor I. G. W. Hill, not only for his very considerable help and guidance, but also for giving
to me the initial stimulus to prepare the series of sections from which the selected photographs have beenmade. I
also would like to record my thanks to Dr. J. W. Smith and J. Mutch who both assisted me in planning the plane of
the sections and also in cutting the thoraces, and also to Mr. P. D. Bewsher for the dissection of the specimen shown in
Fig. 5. The photography is the work of the senior technician of the Department, Mr. James Brown, and without his
skill and patience this contribution could not have been made. I am indebted to Dr. W. F. Mair for the two
radiographs.
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